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(54) Survival motor neuron (SMN) gene: a gene lor spinal muscular atrophy 

(57) The present invention relates to the discovery 
of a survival motor-neuron gene or SMN gene which is 
a chromosome 5-SMA (Spinal Muscular Atrophy) deter- 
mining gene. The present invention further relates to the 
nucleotide sequence encoding the SMN gene and cor- 
responding amino acid sequence, a vector containing 
the gene encoding the SMN protein or a DNA sequence 
corresponding to the gene and transformant strains con- 
taining the SMN gene or a DNA sequence corresponding 
to the gene. 

The present invention also relates to means and 
methods for detecting motor neuron diseases having 
symptoms of muscular weakness with or without sensory 
changes such as amytrophic lateral sclerosis (ALS), spi- 
nal muscular atrophy (SMA), primary lateral sclerosis 
(PLS) and the like 
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MAMS SGGS GGGVPEQED S VLFRRGTGQSDDSD I WDDTAL I KAYDKAVAS 

FKHALKNGDICETSGKPKTTPKRKPAKKNKSQKKNTAASt^JQWKVGDKCSAIWSEDGCIY 

PATIASIDFKRETCVWYTGYGNREEQKLSDLLSPICEVANNIEQNAQENENESQVSTDE 

SENSRSPGNKSDNIKPKSAPWNSFLPPPPPMPGPRIiGPGKPGLKFNGPPPPPPPPPPHLL 

SCWLPPFPSGPPIIPPPPPICPDSIiDDADALGSMLISWYMSGYHTGYYMGFRQNQKEGRC 

SHSLN 



FIGURE 1 



18 



EP 0 708 178 A1 



CGGGGCCCCACGCTGCGCACCCGCGGGTTTGCT ATGGCGATGAGCAGCG6CGGCAGTGGT 

GGCGGCGTCCCGGAGCAGGAQQATTCCGTQCTGTTCCGGCGCQGCACAGGCCAGAGCGAT 

GATTCTGACATTTGCGATGATACAGCACTGATAAAAGCATATGAtrAAAGCTGTGGCTTCA 

TTTAAGCATGCTCTAAAGAATGGrrOACATTTGTGAAACrTCGGGTAAACCAAAAACCACA 

CCTAAAAGAAAACCTGCTAAGAAGAATAAAAGCCAAAAGAAGAATACTGCAGCTTCCTTA 

CAACAGTGGAAAGTTGGGGACAAATGTTCTGCCATTTGGTCAGAAGACGGTTGCATTTAC 

CCAGCTACCATTGCT^CAATTGATTTTAAGAGAGAAACCTGTGTTGTGGTTTACACTGGA 

TATOGAAATAGAGAGGAGCAAAATCTGTCCGATCTACTTTCCCCAATCTGTGAAGTAGCT 

AATAATATAGLAACAGAATGCTCAAGAGAATGAAAATGAAAGCCAAGTTTCAACAGATGAA 

AGTGAGAACTCCAGGTCTCC^rOGAAATAAATCAGATAACATCAAOCCCAAAtrCTGCTCCA 

TGGAACCCCTTYCTCCCTCCACCACCCCCCATGCCAGGGCCAAGACTGGGACCAGGAAAG 

CCAGGTCTAAAATTCAATGGCCCACCACCGCCACCGCCAC(^CCACCACCCCACTTACTA 

TCATGCTGGCTGCCTCCATTTCCTTCTGGACCACCAATAATTCCCCCACCACCTCCGATA 

TGTCCAQATTCTCTTGATGATGCTGATGCTTTGGGAAGTArGTtrAATTTCATGGTACATG 

AGTGGCTATCATACTGGCTATTATATGGGTTTJAGACAAAATCAAAAAGAAGGAAGGTGC 

TCACftTTCCTTAAAT TAAGGAGAAATGCTGGCATAGAGCAGCACTAAATGACACCACTAA 

AGAAACGATCAGACAGATCTGGAATGTGAAGCGTTATAGAAGATAACTGGCCTCATTTCT 

TCAAAATATCAAGTGTTGGGAAAGAAAAAAGGAAGTGGAATGGGTAACTCTTCTTGATIA 

AAAGTTATGTAATAACCAAATGCAATGTGAAAIATTTTACTGGACTCTTTTGAAAAACCA 

TCTGTAAAAGACTGAGGTGGGGGTGGGAGGCCAGCACGGTGGTGAGGCAGTTGAGAAAAT 

XTGAATGTGGATTAGATTTTGAATGATAXTGGATAATTATTGGXAATTTTATGGCCTGTG 

AGAAGGGTGTTGTAGTTXATAAAAGACTGTCTTAATTTGCATACTTAAGCATTTAGGAAT 

GAAGTGtTTAGAGTGTCTTAAAATGTTTCAAATGGTTTAACAAAATGTATGTGAGGCGTAX 

GTGGCAAAATGTTACAGAATCTAACTGGTOGACATGGCTGTTCATTGXACTGTTTTTTTC 

TAXCTTCTATATGTTXAAAAGTATATAATAAAAATATTTAATTTTTTTXXAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAA 
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AATTTTTAAATTTTTTGTAGAGACAGGGTCTCAXTATGTTGCCCAGGGTOGTG'rCAAGCTCCA 

GGTCTCAAGTGATCCCCCTACCTCCGCCTCCCAAAGTTGTGGGATTGTAGGCATGAGCCACTG 

CAAGAAAACCTTAAC TGCAGCCTAATAATTGTTTTCTTTGGGATAACTTTTAAAGTACATTAA 

AAGACTATCAACTTAATTTCTGATCATATTTTGTTGAATAAAAT AAGTAAAATGTCTTGTGAA 

CAAAATGCTrTTTAACATCCA0:ATA7\AGCrATCTATATATAn(:TATCTAT>lTCTATATAGCTA 

T'rTTTTl'TAACTTCCU'TTTATTTTCCTTACAG^ GGT T TCAGACAAAATC'.AA A AAG AAG GAAGG 

TGCTCACATT CCTTAAA TTAAG GA *GTAAGTCT(;CCAGCATTATGAAAGTGAAT(!'J"I'ACTTTT 

GTA A A AC TTTATGb'TTTGT GG AAA A C AAA *J ' G T T TT T GAA C A G T T A AAA A G T T C A G A T G T X A G?A 

AAGTTGA AAGC^J'TA ATGTAAAACAATCAATATXAAAGAAXTTTGAXGCCAAAACTATXAGATA 

AAAGGTTAATCTACLATCCCTACTAGAArTCTCATACTTAACTGGTTGGTTOTGTGGAAGAAAC 

ATACTTTCACAATAAAGAGCTTTAGGArAJ'GATGCCATTTTATATCACTAGTAGGCAGACCAG 

CAGACTTTTTTTTATTGTGATATGGGATA/iCCTAGCJCATACTGCACTGl'ACACTCTGACATAT 

G AA G TG C T C T A C TCAACJ T TTAACTG G TG T CC A CA G A G G ACA T GG TTT AA C TG G A A T T C G T C AA 

GCCTCTGOTTCTAAXTTCTCATTXGCAG* GAAA TGC TGGCATAGAGCAGCACTAAATGACACC 

ACTAAAGA AA C(;ATCAGACAGATCTGGAA TGa' GAAGCGTTATAG AAG ATAACTGGCCTCATTT 

GTT CAAAAT A TCAA G TGTTGGGAAAGAAAAAAGGAAGTGGAATGGGTAAC TCT TCTT G ATTA 

AAAGTTATGTA ATAACCAAATGCAATGTGAAATATTTTACTGGACTCTTTTGAAAA A C 

CAT CTGTAAA A GACTGGGGTGGOGGTGGGAGGCCAGCACGGTGGTGAGGCAGT TGAGAAA A 

TTTGAATG TG GATTAGATTTTGAATGATATTGGATAATTATTGGTAATTTTATGGCCTGT 

GAGAAGGGTGT TGT AGTTTATAAAAGACTGTCTTAATTTOCATACTTAAGCATTTAG G 

AATGAAGTGTTAGAGTGTCTTAAAATGTTTCAAATGGTTTAACAAAATGTATGTGAGGCGT 

ATG TGGCAA AA TGT'JAC A GAATCTAACTGG T G G ACAT G GCTGTTC A TTGT A CTGTTT TTT 

TCTATCTTGTATATGTTTAAAAGTATATAATAAAAATAT TT AATTT 
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3. 

CGGGGCCCCACGCTGCGCATCCGCGGGTTTGCT ATGGCGATGAGCAGCGGCGGCAGTGGT 

2 

GGCGG CGTCCCGGAGCAGGAGGAT T CCGTGCTGTTCC G GCGCGGCACAGGCCAU* AGCGAT 

GATTCTGACATTTGGGATGATACAGCACTGATAAAA G CATATGATAAAGCTOTGGCTTCA 

TTT A AGCATGCTCTA A AGAATGGTGACATTTGTGAAACTTCGGGTAAACCAAAAACCACA 

CCTAAAAGAAAACCTGC T AAGAAGAATAAAAGCCAAAAGAAGAATACTGCAGCTTCCTTA 
3 

CAACAG^TGGAAAGTTGGGGACAAATGTTCTGCCATTTG GT CAGAAGACGGTTGCATTTAC 

CCAGCTACCATTGCTTCAATTGATTTTAAGAGAGAAACCTGTGTTGTGGTTTACACTGGA 

TATGGAAATAGAGAGGAGCAAAATCTGTCCGATCTACTTTCCCCAATCTGTGAAGTAGCT 

4 

AATAATATAGAACAGAATGCTCAAGAG^AATGAAAATGAAAGCCAAGTTTCAACAGATGAA 

AGTGAGAACTCCAGGTCtTCC T GGAAATAAATCAGATAACATCAAGCCCAAATCTGCTCCA 

TGGAACTCTTTTCTCCCTCCACCACCCCCCATGCCAGGGCCAA G ACTGGGAC C AGGAAAG 
5 

*CCAGGTCTAAAATTCAATGGCCCACCACCGCCACCGCCACCACCACCACCCCACTTACTA 

6 

TCA T GCTGGCTGCCTCCATTTCCTTCTGGACCACCA*ATAATTCCCCCACCACCTCCCATA 

TGTCCAGATTCTCTTGATGATGCTGATGCTTTGGGAAGTATGTXAATTTCATGGTACATG 

7 

AGTGGCTATCATACTGGCTATTATATG*GGTTTCAGACAAAATCAAAAAGAAGGAAGGTGC 

8 

TCACATTCCTTAAAT TAAGGA^GAAATGCTGGCATAGAGCAGCACTAAATGACACCACTAA 

AGAAACGATCAGACAGATCTGGAATGTGAAGCGTTATAGAAGATAACTGGOCTCATTTCT 

TCAAAATATCAAGTGTTGGGAAAGAAAAAAGGAAGTGGAATGGGTAACTCTTCTTGATTA 

AAAGTTATGTAATAACCAAATGCAATGTGAAATATTTTACTGGACTCTTTTGAAAAAC 

CATCTGTAAAAGACTGGGGTGGGGGTGGGACGCCAGCACGGTGGTGAGGCAGTTGAGAAAA 

TTTGAATGTGGATTAGATTTTGAATGATATTGGATAATTATTGGTAATTTTATGGCCTGT 

GAGAAGGGTGTTGTAGTTTATAAAAGACTGTCTTAATTTGCATACTTAAGCATTTAGG 

AATGAAGTGTTAGAGTGrCTTAAAATGTTTCAAATGGTTTAACAAAATGTATGTGAGGCGT 

ATGTGGCAAAATGTTACAGAATCTAACTGGTGGACATGGCTGTTCATTGTACTGTTTTTT 

T C 3* A T CTTC TATATGTT T A AA A G T A T AT AA T AAAA AX A TXT A AT T T TT T T T T AAA AAAAA 

AAAAAAAAAAAAAAAAAAAAJWVAAAAAAAAAAAAAAAAAAAAAAJiA^ 
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AATTTTTAAATTTTTTGTAGAGACAGGGTCTCATTATGTTGCCCAGGGTGGTGTCAAGCTCCA 

GGTCTCAAGTGATCCCCCTACCTCCGCCTCCCAAAGTTGTGGGATTGTAGGCATGAGCCACTG 

CAAGAAAACCTTAACTGCAGCCTAATAATTGTTTTCTTTGGGATAACTTTTAAAGTACATTAA 

AAGACTATCAACTTAATTTCTGATCATATTTTGTTGAATAAAATAAGTAAT^ATGTCTTGTGAA 

CAAAATGCTTTTTAACATCCATAXAAAGCITATCTATATATAGCTATCTATGTCTATATAGCTA 

TTTTTTTTAACTTCCTTTTATTTTCCTTACAG* GGTTTCAGACAAAATCAAAAAGAAGGAAGG 

TGCTCACATTCCTTAAA TT AAGGA* GTAAGTCTGCCAGCATTATGAAAGTGAATCTTACTTrT 

GTAAAACTTTATGGTTTGTGGAAAACAAATGTTTXTGAACAGTTAAAAAGTTCAGATGTTAAA 

AAGTTGAAAGGTTAATGTAAAACAATCAATATTAAAGAATTTTGATGCCAAAACTATTAGATA 

AAAGGTTAATCTACATCCCTACTAGAATTCTCATACTTAACTGGTTGGTT^TGTGGAAGAAAC 

ATACTTTCACAATAAAGAGCTTTAGGATATGATGCCATTTTATATCACTAGTAGGCAGACCAG 

CAGACTTTTTTTTAXTGTGATATGGGATAACCTAGGCATACTGCACTGTACACTCXGACATAT 

GAAGTGCTCTAGTCAAGTTTAACTGGTGTCCACAGAGGACATGGTTTAACTGGAATTCGTCAA 

GCCTCTGGTTCTAATTTCTCATTTGCAG* GAAATGCTGGCAXAGAGCAGCACTAAATGACACC 

ACTAAAGAAACGATCAGACAGATCTGGAATGTGAAGCGTTATAGAAGATAACTGGCCTCATTT 

CTTCAAAATATCAAGTGTTGGGAAAGAAAAAAGGAAGTGGAATGGGTAACTCTTCTTGATTA 

AAAGTTATGTAATA A CCAAATGCAATGTGAAATArTTTACTGGACTCTTTTGAAAAAC 

CATCTOTAAAAGACTG^GGTGGGGGTGGGAGGCCAGCACGGTGGTGAGGCAGTTGAGAAAA 

TTTGAATGTGGATTAGATTTTGAATGATATTGGATAATTATTGGTAATTTTATGGCCTGT 

GAGAAGGGTGTTGTAGTTTATAAAAGACTGTCTTAATXTGCATACTTAAGCATTTAGG 

AATGAAGTGTXAGAGTGTCTTAAAATGTTTCAAATGGTTTAACAAAATGTATGTGAGGCGT 

ATGTGGCAAAATOTTACAGAATCTAACTGGTGGACATGGCTGTTCATTGTACTGTTTTTT 

TCTATCTTCTATATGTTTAAAAGTATATAATAAAAATATTTAATTT 
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C2 12 

ACCTGANCCCAGANGGTCAAGGCTGCAGTGAGACGAGATTGCNCCACTGCCCTCC 
ACCCTGGGTGATAAGAGTGGGACCCTGTNTCAAAACATACACACACACACACACA 
CACACACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC 
TCTCTCTCTCTCTCAAAAACACTTGGTCTGTTATTTTTNCGAAATTGTCAGTCAT 
AGTTATCTGTTAGACCAAAGCTGNGTAAGNACATTTATTACATTGCCTCCTACAA 
CTTCATCAGCTAATGTATTTGCTATATAGCAATTACATATNGGNATATATTATCT 
TNAGGGGATGGCCANGTNATAAAACTGTCACTGAGGAAAGGA 

C272 

CCTCCCACCTNAGCCTCCCCAGTAGCTAGGACTATAGGCGTGCNCCACCAAGCTC 
AGCTATTTTTNNTATTTAGTAGAGACGGGGTTTCGGCANGCTTAGGCCTCGTNTC 
GAACTCCAGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT GTGTGTGTGTG 
TGTGTAGATATTTATTCCCCCTCCCCCTTGGAAAAGTAAGTAAGCTCCTACTAGG 
AATTTAAAACCTGCTTGATCTATATAAAGACAAACAAGGAAAGACAAACATGGGG 
GCAGGAAGGAAGGCAGATC 

AFM157xdlO , 

TCGAGGTAGATTTGTATTATATCCCATGTACACACACACACACACACACACACAC 
ACACACACACACAGACTTAATCTGTTTACAGAAATAAAAGGAATAAAATACCGTT 
TCTACTATACACCAAAACTAGCCATCTTGAC 

C161 

CCCTGAGAAGGCTTCCTGCTGAGTATGCATAAACATTCACAGCTTGCATGCGTGT 
GTGTGTGTGTGTGTGTGTGTATGTTTGCTTGCACTGTAAAAACAATTGCAACATC 
AACAG7VAATAAAAATTAAAGGAATAATTCTCCTCCGACTCTGCCGTTCCATCCAG 
TGAAACTCTTCATTCTGGGGTAAAGTTCCTTCAGTTCTTTCATAGATAGGTATAT 
ACTTCATAAGTCAAACAATCAGGCTGGGTGCAGTAGCTCATGCCTGTAATCCCAG 
CCCTTTGGGAGGCCGAGCTGGGCAGATCGA 

C171 

TCCACCCGCCTTGGCCTCCCAAAGCNCTGGGATTACAGGCGTGACTGCCGCACCC 
AGCTGTAAACTGGNTTNNTAATGGTAGATTTTNAGGTATTAACAATAGATAAAAA 
GATACTTTTNGGCATACTGTGTATTGGGATGGGGTTAGAACAGGTGTNCTACCCA 
AGACATTTACTTAAAATCGCCCTCGAAATGCTATGTGAGCTGTGTGTGTGTGTGT 
GTGTGTGTGTGTATTAAGGAAAAGCATGAAAGTATTTATGCTTGATTTTTTTTTT 
TNACTCATAGCTTCATAGTGGANCAGATACATAGTCTAAATCAAAATGTTTAAAC 
TTTTTATGTCACTTGCTGTC 

FIGURE* 4 
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Teloiiieric element (E To *-) containing the survival motor-neuron 
gene (SMN gene). Genetic map shows polymorphic markers C212, 
C272 and C171. Physical map shows location and direction of 
transcription of SMN gene; phage clones used for assembling 
physical map. Restriction map for EcoRI(E), Xbal(X), 
Hindlll(H), Bglll(B), 6acXX(5) are shown. Cent. and Tel. 
Indicate centromere and telomere respectively. The position of 
genomic rearrangements found in SKA patients are also 
indicated. ■ - 
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Cans dosage analysis of the. 5ql3 region 
with the 132SE11 plasmid cone in SMA 
type I patient. Total human DMA from 
SMA family was digested with Hindi II 
for Southern blotting. Filter was 
consecutively hybridized with 132SE11 
(A) and JK53 probes (B). A significant 
decrease in 132SE11 band intensity,, which 
indicated the delation, compared with their 
parents. F/Father. M/Mother, A/aff acted 
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MAMSSGGSGGGVPEQEDS VLFRRGTGQS DDS DI WDDTALI KA YDKAVAS FKH A 
LKNGDICETSGKPKTTPKRKPAKKNKSQKKNTAAS LQQWKVGDKCSAIWSEDG 
CIYPATIASIDFKRETCWVYTGYGNREEQNLSDLLSPICEVANNIEQNAQEN 
ENESQVSTDESENSRSPGNKSDNIKPKSAPWNSFLPPPPPMPGPRLGPGKPGL 
KFNGPPPPPPPPPPHLLSCWLPPFPSGPPIIPPPPPICPDSLDDADALGSML.I 

SWYMSGYHTGYYM 
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